T he sex ratio of births (the relative number of male and female births) has been suggested as a sentinel indicator of environmental exposures, 1 that is, an event whose occurrence can serve as a signal that an adverse environmental exposure has occurred. 2 The sex ratio as we use it in this report, the proportion of births that are male, is usually cited as around 0.515 (106 males births to every 100 female), but has been reported to range internationally from 0.503 to 0.517. 3 The appeal of the sex ratio as a sentinel environmental indicator lies in the fact that (1) it is a comparatively easy statistic to gather in populations, and (2) it is reportedly changed, sometimes dramatically so, in births from people with a variety of toxic exposures and occupations. [4] [5] [6] [7] [8] [9] Usually, exposures seem to reduce the proportion of male births, but some investigators have reported the opposite or no effect. 10 11 Complicating the issue, several demographic factors are also well known to be associated with the birth sex ratio in the absence of any environmental exposures. Among these are race, 12 13 birth order, 14 and parent's ages. 14 15 Reports from the USA, Canada, several European countries, and Japan 1 16 have shown declines in male births, while other countries have shown increases. [17] [18] [19] [20] Long term trends in some countries show various shifts. 21 22 Theories put forth to account for the long term trends (in both directions) include changes in diet and nutrition, hormonal changes because of economic and wartime stresses, and improvements in medical care leading to fewer stillbirths (which tend to be male). 17 22-24 Davis et al 1 presented crude data from the USA and Canada from 1970 to 1990 showing a decline in male births in both countries. They pointed out that the change, while on the order of a tenth of a percentage, translates into tens of thousands of fewer male births than expected nationwide. Later studies have shown inconsistencies by race and by region. Nicolich et al 15 examined US national data from 1964 to 1995, and found an apparent decline in male births among white groups, but an increase among non-white groups. Marcus et al 13 analysed US data from 1969 to 1995 by region and race, and similarly noted a decline in male births among the white population and an increase among the black population generally for the nation. An exception to this was the ''Pacific'' region (not defined, but presumably including California), where the decline was observed in both white and black populations.
Davis et al proposed that the sex ratio might be used for surveillance of environmental exposures in the general population, as the US national decline they noted might be revealing, and was unlikely to be attributable to secular changes in known sex ratio determinants. 1 Others have questioned the use of the sex ratio as a surveillance tool on a population level. 25 Davis and colleagues called for further analyses in states and other regions to resolve these issues.
of Vital Records as a combination of mother's and father's race/ethnicity, based on self report. In most cases, when the mother and father were of different races, the child was coded to the father's race. The exception is black, however, when the child is coded as black if either parent is black. The variable was left missing if race was coded as unknown or refused to state. A recent validation study of California birth certificates showed that race and Hispanic ethnicity had high positive predictive values and sensitivity for all groups except the comparatively small proportion of Native Americans. 26 The large number of births over this period (15.7 million) precluded analysing the data as individual observations. Instead, we compacted the dataset by grouping births into categories of covariates: six categories each of mother's and father's age (less than 17 years, 18-19, 20-24, 25-29, 30-39 , and 40 years and over), four categories of birth order (first, second, third, and fourth or more), and six categories of race of the child (white, black, Chinese, Japanese, Native American, and all others). In addition to these racial groups, Hispanic ethnicity for parents is available for the years 1982 to 1996, permitting the further division of white into Hispanic (either or both parents) compared with nonHispanic.
Births with missing, unknown, or decline to state entries for any of the demographic variables were excluded from the multivariate analysis. Missing or unknown mother's age, race of child, and birth order was found on less than 1% of records. Father's age was missing on 8% of the total records, but this was largely confined to the years 1966 and 1967, when father's age was not available on any record. Not counting those two years, father's age was missing on 4% of records. Of the initial 15.7 million births, about 14.4 million (92%) had complete information for the multivariate analyses.
We analysed the sex ratio in terms of the proportion of births that were male. Regression analysis used the log of male proportion as the dependent variable, assumed to have a binomial distribution. 27 Regressions were performed with the procedure ''binreg'' in Stata (StataCorp, College Station, TX). The regression coefficient for an independent variable gives the change in log male proportion associated with a one unit change in that variable. Exponentiating the regression coefficient provides a multiplier of the male proportion associated with a one unit change, where values greater than one indicate an increasing proportion, and less than one, a decrease. These exponentiated regression coefficients Spline fit are given in the tables of results. Two sided 95% confidence intervals are provided throughout.
To evaluate trends in the male birth proportion over time, the main independent variable of interest was the year of birth. We modelled time in three ways: as a linear term (year), as a quadratic (year + year 2 ), and as a flexible cubic spline, with join points at five year intervals. 28 The fits of the different models were compared using the Akaike information criterion (AIC). 29 To control for confounding effects of changes in demographic characteristics, a multivariate regression analysis included child's race/ethnicity, birth order, and parents' ages. We assessed the statistical association of these covariates with male proportion by a likelihood ratio test of the model with the covariate represented by indicator terms standing for its categories compared with a model omitting all indicator terms from the model. 29 We produced standardised (adjusted) male proportions from the fitted model with the covariates held at fixed values, namely the proportions of total births in each category. 30 
RESULTS
From 1960 to 1996, over 15 million births occurred in California. The number of births per year grew from as few as 300 000 per year in the early 1970s to twice that number in the late 1980s.
The crude (unadjusted) California male birth proportion itself fluctuated between about 0.510 to 0.514 per year (fig 1) , with the average over this entire period 0.5122 (table 1) . This can be compared with a cited value for the USA as a whole of 0.5123 for 1958-1997. 3 A smoothing spline through these data suggests first a rising then falling trend over this span, although the range of this trend is smaller than the variation in values year to year (fig 1) . This unadjusted spline regression depicts an overall decline in the male birth proportion from 0.5118 in 1960 to 0.5114 in 1996.
In the crude data, increasing mother's and father's age and birth order seem to decrease the male birth proportion (table 1) . Also, the various racial groups show differing proportions, higher for Asian births, and lower for black births and Native Americans. Besides having their own associations with the sex ratio, the distributions of these demographic characteristics in the California population have changed over this 37 year period (fig 2) . The proportion of children born to mothers 30 years of age or older increased from 25% to 37%, and fathers 30 or older increased from Proportion of births (%) 1960 1990 1985 1980 1975 1970 1965 1965 1970 1975 1980 1985 1990 1995 Figure about 40% to 50%. At the same time, first borns increased from 28% to 38%. Finally, the proportion of births of races other than white doubled, from 11% to 22%. These characteristics are also correlated with each other: mothers' and fathers' ages have a rank correlation 31 of 0.7, and mother's age and birth order 0.4. Furthermore, birth order and parents' age differ by race: Chinese and Japanese parents tend to be older than white parents; black and Native American parents younger. Therefore, as each of these characteristics may influence the sex ratio, a complete assessment of the trend in sex ratio must control for these factors. Multivariate analyses of the male birth proportion controlling for these factors (table 2) resulted in an estimated decrease over this time span of 0.9974 (that is, to 99.74% of its initial value), regardless of whether birth year was treated as a linear term, quadratic, or spline, although the confidence intervals differ somewhat. The AIC criterion favours the linear model. The standardised spline and linear fit lines (from the models in table 2, holding covariates at their population average values) are shown in figure 3 .
As expected, the demographic covariates are themselves statistically significant predictors of birth proportions (table 2). For the sake of brevity, table 2 shows the covariate terms only for the linear model; the coefficients of the covariate terms for the other models are identical to the fourth decimal place. Mother's age, father's age, and birth order (adjusted for the presence of the others) all had p values less than 0.05. Mother's and father's ages showed trends, but unlike the crude analysis, the trends are in the opposite direction: increasing male births with older mothers, decreasing with older fathers. The model fit was improved when both these terms were modelled as continuous linear terms (not shown) compared with the categories in table 2.
Among the race/ethnic groups, black and Native Americans had significantly fewer male births than white, while Chinese and the ''other'' (primarily Asian) category had more. The Japanese male proportion was not significantly different than the white population.
As different race/ethnicity groups have different baseline sex ratios, and previous US studies have shown differing trends by race, we created adjusted spline and linear fit analysis for each race group in figure 4 (standardising on parent's age and birth order, as above), and present the linear regression results in table 3. Again for brevity, the coefficients for parents' age and birth order are not shown for each race group, but generally agree with those in table 2. Generally, most racial groups show a decline in male birth proportion, however the results are not consistent. Among the nearly 12 million white births, the decline is 0.9972 (95% confidence interval 0.9953 to 0.9992), the only result significant at the traditional level. The point estimates for the smaller Japanese, Native American, and other groups are somewhat lower, but their wide confidence intervals do not preclude an increase in male proportion as well. The Chinese births suggest an increase (although not statistically significant), and the black births show little evidence of an effect.
The white births contain a sizable proportion of births classified as Hispanic. Separating the white births into Hispanic and non-Hispanic is only possible since 1982, when a Hispanic code was introduced. Since 1982, the proportion of white births classified as Hispanic has been rising in California, from 42% in 1982 to 63% in 1996. As the black and Native American groups previously noted (table 2), the Hispanic white subgroup had significantly fewer male births than the non-Hispanic white subgroup (0.9920, 95% confidence interval 0.9903 to 0.9937).
To see if the general downward trend among the white population combined since 1960 held for Hispanic and nonHispanic births since 1982, we repeated the analysis for each separately over the shorter 15 year 1982-1996 period (last two rows of table 3). In contrast with the trend for the white groups combined (fig 4) , neither white subgroup showed a decrease in male birth proportion over the 15 year span (fig 5) . Their increases, 1.0012 for Hispanic and 1.0016 for non-Hispanic, although not statistically significant, are about the same magnitude in the opposite direction as the decrease apparent among the white popuation combined for the same time span.
DISCUSSION
The overall proportion of male births in California declined slightly over the 37 year time period examined. Using the male birth proportion of 0.5114 from 1960, and assuming about 550 000 births per year in recent years, the crude, unadjusted decline translates to a reduction of 730 male births per year, or 1.3 fewer males per 1000 births (95% confidence limit 0.4 to 2.2/1000). This is comparable to the estimate of Davis et al of 1 per 1000 births nationwide. 1 However, the decline is not consistent across individual race groups. The white population (82% of births) is the only group for which a decline is statistically significant. The black population (which accounted for 9% of births during this period) do not show this decline, confirming the findings of Marcus et al 13 and Nicolich et al.
15 Table 3 Change in male birth proportion, by race, from linear model for year, controlling for birth order and parents ' age, California, 1960 ' age, California, -1996 Change in male proportion Likelihood ratio test Trends in the sex ratio of California birthsFurthermore, the observed overall decline does not take into account the effect of the increase in Hispanic births. That different racial groups show different ''baseline'' sex ratios is apparent in figure 4 , and in the regression coefficients of the racial groups relative to the white groups (table 2). The California Chinese male proportion is slightly higher, and black lower, than the white population, consistent with the findings of others. 12 15 Although the reason for this is not known, it has been suggested to result from differences between races in maternal gonadotropin levels. 33 The standardised male proportion for Native Americans and the Hispanic white subgroup in California were also lower than the non-Hispanic white subgroup, to our knowledge never before reported. Because Hispanics have a lower sex ratio than the non-Hispanic white population, as the proportion of Hispanic births increased, the overall male birth proportion decreased. As a simple illustration, the adjusted male proportion for the non-Hispanic white subgroup ( fig 5) is about 0.514, and for the Hispanic white subgroup 0.510. In 1982, 42% of white births were Hispanic, 58% non-Hispanic, for a weighted average of 0.512. By 1996, the proportions were reversed: 63% were Hispanic, 37% non-Hispanic, for a weighted average of 0.511. Thus the evidence from 1982 onward suggest that the declining male proportion observed in the combined white population over the entire period may be the result of a proportional increase in Hispanic births during this period.
Previous studies have shown changes in the birth ratio associated with parent's age and birth order. Generally, others have reported a decline in male births with increasing fathers' age, with less clear data on mothers' age. 12 14 15 22 32 In our data, older fathers (controlling for maternal age) were also associated with decreased male births, but older mothers (adjusted for paternal age) were associated with increasing male births. For birth order, controlling for parents' ages, we find decreasing male births with higher birth order, consistent with some, 12 22 but not others. 33 The decline in male birth proportion in California over the past 30 years seems attributable to the changing ethnic composition, and therefore less likely to be attributable to widespread exposures to hormonally active environmental exposures. Furthermore, recent theories propose that exposures may produce specific hormonal effects in men and women leading to opposite results on the sex ratio of their offspring, 34 so that exposures to both men and women in a population may have effects on the sex ratio that cancel out. Thus, the sex ratio may be useful in situations of high exposures to specific same sex groups (such as in an occupational study), but not as a sentinel indicator in populations. In any case, this study has reinforced the need for careful control of demographic factors (such as age of parents and race) to examine small changes in the sex ratio.
What this paper adds
What is already known on this subject? The proportion of births that are male is usually around 51%, although it is reduced in births from people with certain chemical exposures. Therefore, the sex ratio has been suggested as a sentinel environmental health indicator for populations. Trends of declining sex ratio have been reported in some countries, but not others. What does this study add? Examining nearly 15 million births over 37 years in the diverse California population, we find an overall trend of declining male births, but diverging trends among different race/ethnic groups. This suggests that the decline in the total population has more to do with changing demographics than environmental factors.
Policy implications
The ratio of males to females is known to be reduced in births from people with certain chemical exposures. Therefore, the sex ratio has been suggested as a sentinel environmental health indicator for populations. Trends of declining sex ratio have been reported in some countries, but not others. Our study's results suggest that changes seen in some populations may have more to do with changing demographics (such as age of parents and race) than environmental factors.
